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PROVISIONAL SPECIFICATION 
No. 13450, A.D. 1946 

(Improvements in and relating to Hydraulic Pumps and Motors 

W T ,e 3 Electratjlic Presses Limited, 
British Company, of Electraulic Works, 
Rodley, near Leeds, Yorkshire, do hereby 
declare tlie nature of this invention to 
5 be as follows : — 

This invention relates to hydraulic 
multi-train pumps of the kind having; a 
cylinder block in which* the pump rains 
and tassociiated cylinder bores are dis- 
10 posed around .and parallel with a 
common axis, and in which the rams are 
(reciprocated by means of a swash-pl<ate or 
wobble plate, or similar device in which a 
fLat .plate or disc is giiveai angular oscilla- 
15 tion in two planes in relation to the axes 
of the nams by the rotation of the driving 
shaft. It will be understood that the 
cylinder block may be in one piece, or it 
may comprise a number of cylinder blocks 
secured together and forming one 
assembly. It will be further xinderstood 
tha-t if a pump of this construction is sup- 
plied with pressure fluid and provided 
with suitable valve geeur it will operate as 
a. rotary motor, to which this invention 
may be applied with equal facility. 

One object of this invention is to con- 
trol the relative rotational displacement, 
between the wobble pl-ate and the cylinder 
block. For instance in a pump of the 
kind described above, in which connect- 
ing- rods are interposed between the rams 
and the wobble plate, it is essential that 
there should be no appreciable rotational 
displacement between the cylinder block 
and the wobble .plate. On the other 
hand in a pump of the type described 
above, in which the ra am ends make direct 
contact with the wobble plate, it is desir- 
40 able that the wobble plate should have 
rotational displacement relative to the 
cylinder block such as to ensure that 
there shall be approximately pure Tolling 
contact between the ram ends and the 
45 wobble plate. 
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a A further object of this invention is to 
provide a. pump of simple construction, 
in which the component parts shall be 
readily accessible and capable of being- 
driven at thigh speeds in the region of 
1500 B.PiM., ]s^nd capaMe of high 
pressures in the region of 7000 p.s.i., and 
having a volumedffic emciency of 95 — 97% 
throughout the pressure range. It will 
be appreciated that the above perform- 
ance may not be entirely tachieved, or it 
may be surpassed, and experiments are 
being carried out to ascertain the best 
concStioiiis to ensure a high, performance. 

Pumps such as described above may be 
divided into two distinct types: one in 
which the driving eflnaft is co^axial with 
the axis of the cylinder block, and the 
other in which the driving shaft is at an 
obliqne .angle to the axis of the cylinder fid 
block. In the co-axial type of pump the 
wobble plate or swash plate is supported 
on a swash member set at an oblique angle 
to the driving shaft, or the wobble plate 
may be supported by a Z .crank at an 70 
oblique angle to the driving shiaft, or the 
wobble .plate may be pivotally supported 
and 'actuated by a. crank. The co-axial 
type of pump may be further snb-diyided 
into two types: one in which the cylinder 75 
block rotates with the driving shai.t, and 
the other in which the cylinder block is 
stationary. In the type in which the 
cylinder block rotates wdth the shaft, the 
swash member or Z crank remains sta- 
tionary, and the wobble plate rotates 
wdth the cylinder block. In the other 
type in which the cylinder block is sta- 
tionary th e swash plate or Z crank rotates 
with the shaft-, and the wobble plate 
remains stationary if connecting rods are 
interposed between the pump ramis and 
the wobble plate, or the wobble plate has 
.a comparatively small rotational dis- 
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af the .puni,p mm ends make contact with 
™ cobble plate. In the other distinct 
type of pump m wbich tbe driving shaft 
is set a* an oblique angle to the axis of 
* k f /^^fr W-Ock, the cylinder block 
rotates with the driving skaft, and the 
wobble plate is supported by the driving 
shaft with the face of the wabble plate 
10 y 0 ™^ 1 *^ t3le of the driving shaft 

AU in the latter tyjpe of pumrp if connecting 
rods a,re interposed between the punrp 
rams and the wobble plajte theb the 
wob ble plate must -rotate with the cylinder 

15 M° ck> but if {t is of ^ in wbich 

(the ram ends make contact with the 
wobble plate then it is desirable that there 
shiould be a. comparatively small rota- 
tional displacement between the wobble 

20 plate and the cylinder block in order to 
ensure that there shall be ap.proxima.telv 
pure rolling contact between tlhe ram ends 
and the wobble plate. In one well 
known construction of the latter type "f 

25 5 E ^ m3) ^* is e P 3 ^ 0 *^ *o transmit the 
drive between the oblique driving* shaft 
and the cylinder block by means of a 
■double ball and socket joint, but this Las 
the disadvantage that, whether the meoh- 
amsm is operated as. a pump ox as a 
ou motor, the double ball and socket .i>oint 
has to transmit about half the driving or 
driven torque. In all ihe cons-ionclnous 
described above it is tbe practice to pro- 
vide anti-friction bearings to take tbe 
™ thrust of the wobble plate. 

Tbus broadly, this invention may be 
apfplied with equal facility to any of the 
above constructions of pump or motor 
and it consists in providing a positive 
« drive between the wobble plate and tbe 
cylinder block by means of either toothed 
gearing* or Motion gearing with the 
ODjeet of maintaining the correct rota- 
tional displacement between tbe wobble 
« plate and the cylinder block such that if 
connecting rods are interposed between 
the pump rams and the wobble plate 
there shall be no rota/tiona.l displacement 
between the wobble plate ,and .the cylinder 
50 block, and alternatively, if tbe ram ends 
make contact with the wobble plate or if 
push rods associated with the pump rams 
make contact with' the wobble olate, there 
snail be continuous rotational displace- 
55 ment between tbe wobble plate and the 
cylinder block such as to ensure approxi- 
mately pure rolling contact between the 
ram ends or push rod end s and the wobble 
«n P l ^L 3 ^- Wl11 ¥ ^MWttaated that in some 
60 constfeructions the torque transmitted bv 
the above described 1 toothed gearing or 

lnW°£ - 6a ™2 *W oe comparably 
Ji^ht, because its sole function is to main- 

ftfi hJZ, °°^ C * ™ tatio ^al di^lacement 
65 between the wabble plaite and the cylinder 



block, and it only has to overcome the 
fractional torque between the wobble plate 
and its supporting anti-friction bearings, * 
and m a pump employing connecting 
rods there may be an additional trans- 70 
jerse component due to the angularity of - 
the connecting rods, but in anv case the 

S^^T? ^ e A ve,rv proportion of 

that of the driving sbafit, but in other 
constructions the said gearing mav be Z5 
arranged to transmit the whole of the 
diving torque without departing from 
this invention. 

One^embodimenrb of this invention con- 
siste of a bydranbc multi-ram pump for 80 
pumping oil hiavW a stationary cylinder 
S f tJu> pump ram7and asso- 

ciated cylinder bores are eq.ually spaced 
*nd disposed symmetrically around and 

'With the draving sbaft. Tbe rams are 
reciprocated by means of a wobble plate 
which is supported by a swash member 
set at a fixjed.anigde and- secured to the 

Ible titX^ * ^ 

•aoie. Suitable anti-friction bearing -™ 

^ov^ded between the wobble ^ an d 

the swash' member so as to take the thrust 

See of & "°T aa *° ^ S 96 
I ace ot the swash member; and auti-fric- 

fcjf TZ** to take the 

thimist between tie transverse face of 
awash- member and the enTof the pump 
S Mrmal *> driving abaft- and 100 

S°n^r driVH ^ **e care ot 

the angular component of the thrust of 
the pnmp rams. Tbe cylinder block is 

^^^^■^ ^der W are of 105 
taie tope described and illustm+a^ ; 

Segy^ almost 9 cS 

co-axial wath the pumio bora ■ a ^ +0. 

boast* vwim is-proviaed to suS^lt 
cylinder tlock, parallel the S of 
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delivery valves and delivery valve 
caps, tlie delivery valve stems extend- 
ing outwards in one transverse plane 
with their axes normal to the face 
5 of the rectangular cylinder block nearest, 
to their associated cylinder boTes. Th*> 
cylinder block is drilled from four sides 
and suitably plugged to form a rect- 
angular manifold communicating with 

10 the delivery chambers above each de- 
livery valve* and connected to the delivery 
outlet of the pump. The other trans- 
verse face of the cylinder block, out of 
which the pump rams protrude, whicli 

15 wall be referred to as the front face, is 
secured to a casing which contains the 
driving shaft and wobble plate. The end 
of the driving shaft opposing the pump 
rams has an oblique face which will be 

20 referred to as the swash member, and a 
Buitiahle anti-friction bearing is provided 
tfco take the thrust between the swash 
member and the end of the pump casing 
normal to the driving shaft, and suitable 

25 journal bearings are provided to support 
the driving shaft and to take care of the 
angular component of the thrust of the 
pump rams. The wobble plate is mounted 
on the oblique face of the swash member 

*° and suitable anti-friction bearings are 
provided between the wobble plate and 
the swash member. The pump ram ends, 
which bear against the flat face of the 
wobble plate, are convex and sphericallv 

** shaped with the centre of curvature at ail 
times within the cylinder bore and <o 
arranged as to provide the minimum off- 
set loading between the pumip rams and 
Cylinder bores throughout the delivery or 

4tf discharge stroke, and the rams are free to 
{rotate within their associated bores. A 
bevel wheel is secured to or integral with 
the rperiphery of the wobble plate and 
toieshas with a crown wheel secured to or 

45 integral with the front face of the 
cylinder block. The ratio of the number 
of teeth in the bevel wheel and the 
number of teeth in the crown wheel is 
finch as to ensure that there shall be 

60 approximately pure rolling contact 
between the pump ram ends and the flat 
face of the wobble plate, which is at all 
times parallel to the obliq-ue face of the 
swash' member. So far as we have been 

55 able to ascertain this ratio is equal to the 
secant of the angle between the oblique 
faioe of the swash' member and <a plane 
normal to the nam axes, and the rota- 
tional displacement of the wobble plate 

•0 in relation to the cylinder block is in a 
reverse direction to the rotation of the 
driving shaft. As already mentioned, «i 
small gear tpump or other type of booster 
pump driven off the pump driving shaft 

65 is provided to maintain an inlet pressure 



sufficient to hold the pump Tains in con- 
tact with the wobble plate on their out- 
ward stroke, and the inwa«rd or -delivery 
stroke, or discharge stroke, is effected by 
the wobble plate. 20 

A further embodiment of this inven- 
tion consists of a hydraulic multi-ram 
pump in whicli the cylinder block is sta- 
tionary and generally constructed as des- 
cribed in the. previous embodiment, 75 
except that connecting rods are inter- 
jposed between the pump raons and the 
wobble plate, and the ratio between, the 
bevel and crown wheel gears is unity , .so 
as to ensure that there shall be no rota- 80 
tional displacement between the wobble 
plate and the cylinder block. 

It will be understood that if connect- 
ing rodjs are used, or if springs are pro- 
vided to effect the outward stroke of the 85 
pumip, rams, the booster ,pum;p may be 
dispensed witli without departing from 
this invention. 

Another embodiment of this invention 
consists of a hydraulic multa-r.am puinp 90 
or motor generally constructed as des- 
cribed .and illustrated in British Piatent 
No. 380,578, excepting that the double 
ball aaad' socket joint, to transmit the 
drive between the cylinder block .and the 95 
driving shaft is replaced by toothed gear- 
ing by means of which the cylinder, clock 
and the wobble plate and shaft are caused 
to rotate at the same speed, and charac- 
terised in that the axis of the driving 100 
shaft is set at a fixed angle to the axis of 
the cylinder block, so that there is no 
variation in the stroke of the rams or 
pistons. 

Yet a further embodiment of this 105 
invention consists of a hydraulic multi- 
Tarn jpumrp or motor generally constructed 
as described and illustrated in British 
Patent No. 380,578, excepting that the 
axis of the driving' shaft is set at a fixed 110 
angle to the axis of the cylinder block 
so that there is~no vairiation in the length 
of stroke, and the pistons and connecting 
rods «are replaced, by rams* having convex 
spherically curved ends which are held in 115 
contact with the wobble plate by means of 
springs or by liquid pressure, an=d th^ 
double ball a«nd socket joint is replaced 
by toothed £? earing of such a ratio as to 
ensure continuous rotational displace- 120 
nient between the wobble plate and the 
cylinder block such as to ensure that there 
shall be approximately pure rolling con- 
tact between the ram ends and the sur- 
face of the wobble plate. 1.25 

In all the "above embodiments the 
wobble plate is set at a fixed angle to th** 
axis of the cylinder block and therefore 
the length of stroke of the Tarns or pistons 
is not variable. This invention may be 130 
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applied to a variable stroke pump or 
motor of any of tke instructions broadly 
describe] above, in which connecting 
rodfe are employed, by varying, the angle 
o of the wobble plate about an axis which 
ensures that the toothed shearing* between 
tiie wobble plate and the cylinder block 
remains m mesh and has a ratio of unity - 
in ° T Y the W? 1 ends make contact with the 
1U wobble plate, friction gearing may be 
employed between the wobble tdate and 
tJi e cylinder block and so arranged that 
the #ear ratio varies with and is always 



approximately equal to the secant of the 
tilting- angle. 

Although the pump rams- aaid associ- 
ated bores have, been described as bein# 
parallel with a common axis -as indicat- 
ing tlie tyipe of pump or motor to which 
^invention applies, it will be under- 
stood that the rams and associated cylin- 
der bores may be inclined at a slight 
angle to the common axis without depart- 
ing 1 ironi this invention. 

Dated this 30hh day of April, l^G. 
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PBOVJSIONAX, iSPBOrFIOATION 
No. 18087, A.D. 1946 

Improvements in and relating to Axial Type Reciprocating 
rumps, Compressors, Motors and Engines 
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We, Electkatjlic Presses Limited, a 
Biriti&h Company of :£lectraulic Works 
ftodley, near Leeds, Yorkshire, do hereby 
declare the nature of this invention to be 

as follows : — _-. 

This "invehtdoii^elaSes to axial ^type 
reciprocating pumps, compressors, motors 
and engines of"* the kind in which the 
pistons or rams are disposed around "and 
parallel with /a. common axis and recipro- 
cated by means of a swash plate or wobble 
plate or similar device in which a flat 
plate or disc is given angular oscillation 
in two /planes in relation to the axes o f 
the pistons or rams by the rotation of thp 
driving- shaft. For the purpose of des- 
cription, the said flat plate or disc will 
be referred to {hereafter as' the wobble 
plate, and the face of the shaft which 
supports the wobble plarte will be referred 
to as the swash member. 

Pumps, compressors, motors and 
engines of the type described above are of 
very compact construction and the prin- 
cipal difficulty has been to provide suit- 
or able anti-friction bearingis to withstand 
the axial thrust of the oistons or rams 
watbm the confined soace available. One 
object of this invention is to provide 
improved anti-faiefcion means for trans- 
mitting the axial thrust between the 
pistons or rams and the wobble plate A 
f urther object of this invention is to pro- 
vide improved anti-friction means to 
transmit the thrust between the wobble 
ou plate and the swash member. Yet a 
further object of this invention is to pro- 
vide improved anti-friction means to take 
care of the axial thrust of the driving 
shaft m addition to the turning- moment 
normal to axis, of the shaft due to the 
angularity 0 f the wobble {plate. A 
further general object of this invention **3 
to provide improved anti-friction means 
lor transmitting axial thrust whereby 
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pumps coonpressors, motors and engines 
o± the tw>e described may be operated at 
eomp-aratively hig^ Sipee d Sj exceeding one 
thousand revolutions per minute, aid at 
Wher- fluid pressures than- have been 
hitherto practicable. 

One embodiment of this invention con- 
sists of an axial type hydraulic multi- 
ram pump for pumping oil having- a. sta- 
tionary cylinder block in which the pump 
rams and associated cylinder boref ar? 
equally spaced and disposed symmetric- 
ally around and parallel with 1 common 
axis, co-axial with ^driving shaft The 
^i^ 6 ! ™Wca*ed by means of ' \ 
wobble plate which is supported by a 
swash member set at a fixed an"le and 
***** to » the driving shaft, so thaHn 
this embodiment the stroke of the pump 
rams is not variable. Anti-frictionw! 

ptate and the swash member, aitf .further 
anfe-frictxon Wings ar e provided to sup! 
port the drivin- shaft, Tliese unti-frie 
toon, bearings are of an improved type and 
wall be described later. The cylLder 95 
block is lecWular and the cylinder 
bores are of- the type described and U^Z 

taim^^X ^ication No. 

M»,b»l in which each .-Dump ram almost 
completely fills its bore at 4rSffS 
of each dischar^-stroke 'and provided 
wrfch mus^oom type inlet and deliverv 

I^ Ve r * 7 h& ^ Valve is ■* Wr 
W ?L aad i with the pump bore, 

and the yalye stem is suitably guided and 
provided with inlet passage! parallel to 
the valve stem and comniuni eat-in- with 
the toansverse face of the cylinder bloc 
remote from the pump rams A hollow 
rectangular cover is secured to the latter 110 

face .°?' J** cylinder Mock and 
serves as an inlet manifold, and a small 
booster pump i s provided to' supply of at 
a .pressure of about 50 lbs. per square inch 
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to th e i ril et ma ni'fol d and o f a c a p ac i iy 
exceeding the maximum delivery of the 
pump sufficient to maintain the ipunrp 
nams in contact with the wobble nlate. 
§ The four faces of the rectangular cylinder 
block .parallel with the axes of the pump 
ramie <a*re bored to receive the delivery 
valves and delivery valve caps, the 
delivery valve stems extending outwards 

10 in one transverse plane with their axes 
normal to the face of the rectangular 
cylinder block nearest to their associated 
cylinder bores. The cylinder block js 
drilled drain four sides and suitably 

15 plugged to form a rectangular manifold 
communi cutting with the delivery cham- 
bers above each delivery valve and con- 
nected to the delivery outlet of the pump. 
Tbe other transverse fac^ of the cylinder 

20 block out of which the pump rams pro- 
trude, wbich will be referred to as the 
front face, is secured to a. casing which 
contains the driving shaft and wobble 
plate. The end of the driving abaft 

25 opposing the pump rams has an oblique 
face which forms the swash member, and 
the wobble tplate is mounted on a pintle 
in the centre of the swash member so that 
it rotates about an axis normal to the said 

3o oblique face. The axis of the wobble 
plate intersects the axis of the driving 
shaft at a point which coincides with the 
centre of oscillation of the plane of con- 
tact between the ram ends and the wobble 

36 plate, so that in fact the wobble plate is 
free to rotate about the centre of oscil- 
lation. The pump ram ends which bear 
against the flat face of the wobble plate 
are convex and spherically shaped with 

AU the centre of curvature at all times within 
the cylinder bore and so arranged as to 
provide the minimum offset loading 
between the pump rams ami the cylinder 
bores througthont the delivery or dis- 

45 charge stroke and the rams are free to 
rotate within their associated bores. A 
bevel wheel is secured to or integral with 
the periphery of the wobble plate and 
meshes with a crown wheel secured to or 

50 integral with the front face of the cylin- 
der block. The ratio of the number of 
teeth in the bevel wheel and the number 
of teeth in the crown wheel is such as to 
ensure that there shall be approximately 

66 pare rolling contact between the punip 
ram ends and the flat face of the wobble 
plate, which is parallel to the oblique face 
of the swash member. So far as we have 
been able to ascertain this ratio is equal to 
60 the secant of the angle of the oblique face 
of the swasb member to a plane normal to 
the axes of the rams, and the rotational 
displacement of the wobble plate in rela- 
tion to the cylinder block is in a reverse 
g& direction to the rotation of the driving 



shaft. As already mentioned , a small 
gear pump or other type of 'booster pump 
driven off the -pump driving shaft is pro- 
vided to maintain an inlet pressure suffici- 
ent to hold the pum(p rams in contact with 10 
the wobble plate on their outward stroke, 
and the inward or delivery stroke is 
effected by the wobble plate. The pump 
rams are of hardened steel and the sur- 
face of the wobble plate, with.' which they 75 
make contact is also of hardened steel. 
The surface of the wobble plate opposed 
to the swash member is also of hardened 
steel, and an anti-friction bearing is 
interx^osed between the wobble plate and 80 
the swash member. The anti-friction 
bearing consists of a circular mild steel 
washer mounted on the pintle which sup- 
ports the wobble plate, and it is prevented 
from rotating in relation to the swash 85 
member by means, of a small pin or key. 
The mild steel washer is faced with white 
metal on the side opposing the wobble 
plate and it is provided with a number of 
radial grooves and suitable means are pro- 90 
vided to ensure that an adequate supply 
of oil from the driving shaft casing is free 
to flow along the shaft to the inner end of 
each groove and outwards across the face 
of the bearing. The pump rams are only 95 
very lightly loaded on the suction stroke 
due to the pressure of tbe booster pump., 
and therefore it is only on the discharge 
stroke that tbe axial ram load is severe. 
Consequently the anti -fraction bearing is 100 
eccentrically loaded. The result is that 
the face of the washer which oipposes the 
rams making their discharge stroke is sub- 
ject to high pressure and the face of the 
washer opposed to the rains making their .105 
suction stroke is subject to very low pres- 
sure, and this condition aippears to be 
favourable to tbe creation of what is 
termed " pressure film lubrication A 
similar anti-f auction bearing is provided 110 
between the rear face of the swash mem- 
ber, which is normal to the axis of the 
shaft, and the end of tbe driving shaft 
casing. That is to say that a. similar 
washer is mounted on the rear f ace of the 115 
swash member and prevented from rotat- 
ing in relation to tbe swjasbi member by 
means of a small pin or key ; the said 
washer is opposed by a relatively thick 
hardened steel ring of approximately tbe 120 
same annular area as tie washer and 
mounted in the end of the driving shaft 
casing and prevented from rotating rela- 
tive to the casing; the surface of the 
washer opposed to tbe ring is faced with 125 
white metal and provided with radial 
grooves suitably supplied with Lubricat- 
ing oil firoxn the shaft casing. A single 
ball bearing journal is provided in the end 
of the shaft casing to support the shaft, 180 
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but tie shaft is axially free so that th* 
above described -tihiTist washer alone takes 
care of the tumang; moment normal to the 
uas of the shaft due to the angularity of 
* thie wobble phsfce, JWthexmore the shaft 
is dTxven by means of .a. Garden W> flex- 
ible coupling so that the shaft is not sub- 
ject to serious external force tending to 
in ^f 1 ^ dl ^^ement or misuHgnment 
J." -bjx>ru experiments which we harve made it 
appear that a pump of this construction 
wail operate satisfactorily at 1500 revolu- 
tions .per minute when pumping against 
pressures exceeding- 10,000 pounds per 

19 square. inch and with- a mean pressure on 
tHe .annular area of tie anti-Mction 
washers in the regdon of 1000 pounds ue» 
square inch. The maximum pressure^ of 

20 * XO * M y *e-ion of 
20 2000 to 3000 pounds per square inch and 

esperaments ar e bein- made to- determine 

tlie degree of eccentricity of Load which 

™ili .provide optimum load bearing 
carpacaty. 

26 A further embodiment of this inven- 
tion consists of an ^iaht^e hydraulic 
multi-rani pump for pnmping oil gener- 
ally as described in the first embodiment 
excepting* that th e anti-fHction washers 
30 are dispensed with and the rear face of 
the wobble plate bears directly against 
the oblique face of th e swash member and 
toe rear face of the swash members bears 
directly against the surface of the thrust 
6b ring- in the end of the driving shaft cas- 
ing. In this construction the swash 
memher is made of gun metal or it mav 
be made of mild steel fiaced with white 
An me !? 1 - , Radial oil grooves are provided 
4U m the hardened face® of the woihble plate 
and the thrust ring in the end of the 
driving shaft casing. Tie function of 
the anfa-friction bearing is the same and 
„ m_ tact this construction simply com- 
4o prises making the anfizi-if section washers 
integral with the swash member. 

According to this invention one essen- 
tial feature of tie aibove described auti- 
sm p 1 ^ 10 ^ tarings between the swash mem- 
OU ber and the wobble plate, and between 
the swash member and the end of the 
driving shaft casing, is that they com- 
prise opposed plane surfaces subject to 
relaitave rotation at comparatively hi °i 
55 surface speed and with the load eccentric 
to the axis of rotation to an extent with 
or without an additional turning moment 
normal to the axis of rotation, such that 
there is a pressure gradient across the- 
60 apposing surfaces varying from a very 
lo\v pressure approaching zero at one 
part of the perimeter to a maximum pres- 
sure at the diametrically opposite part of 
the perimeter and the alignment of th<* 
65 opposed surfaces is constrained solely by 



tlie pressure and thickness of the oil film 
created, between them. That is to say 
tna* tne opposing surfaces are not opera- 
tively paraMel but they are free to form " 
a wedg e with the lubricaiting oil film 70 
between them, the said wedgebeing £ 

fTW 1 - 7 ^ ^ ^ e »PWed surfaces. - 
The latter distinguishes it from a Michel 
type thmst bearing consisting of a num- 

«Uaf ^Sf^t 81 ^ a 75 

co-liar on the shaft each of which tends 

W» wedge with the lubri^tinf 0 il 
ff n £i a ^' ent *a tlle stating cSlar 
$J£i. ■ W i T^ un ° { tiis ^vention is the 
^ojision- of unproved means for trait 80 
mating the . axial thrust between The 

S^Ww J &Jm wobbfe plate 

such that there shall be , 

puna MUbw ooiriaet bSUTESS 
rod ends » « a» ends and the surface d 85 

S ra| 4y or in Si^ S % 

drmng shafit cteing. In su<!b ^L, le 

Wei and crown *ears haviSl e " a * I W B »* - 
unitv nr K-n- r,+i, T Having- a ratio of 105 

because the LiTiSiir* till le Wd n 5 
•the piston ix,d -^maintain 

taotW the wSle°pK 

; the comn^n^^f S ^Vun?r^' al ^ 120 
• S herweuP^ SsB^anS 

: SCSI 3ffe 5 tf^-Stf 2! » 

' -6 * .i swash m-ean'ber is tra™ 

verse to the axis of the drivinTshaft ""n 
wall foe understood' thfei th™ ?™ V 
«iay be applied with ejual facK^o^ 
Pump or motor of the letter conStion" 180 
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invention may be applied with eqrual 
It will be further understood that this 
facility to almost any known construction 



of axial type reciprocating pump, com- 
pressor, motor or engine. 

Bated this 14th day of June, 1946. 



PROVISIONAL SPECIFICATION 
No. 19839, AfD. 194S 



1* 



Improvements in and relating 
Pumps, Compressors, 

VV>, EuiCTBAULIC P BOSSES LlMITEl), U 

-Brifcisn Company, of hidjectnaulic Warm, 
itodiey, near Leeas, Y oi\ksiiire 3 do hereby 
aeciure tUe naiure oi this invention to be 
10 as follows: — 

This invention relates to axial type 
reciprocating pumps, compressors, motors 
and enguneSj of the kind described in our 
co-penuing British Patent Application 
No. 1808* of June 17 th, 194b. Accord- 
ing to the said application one essential 
feature of fthe anti-friction healings 
ueiween the swash member and the wobble 
plate, and between the sw-asli member 

39 and the end oi oi the driving shai4 cas- 
ing, described therein, is that they com- 
prise opposed plane surfaces siubject to 
relative rotation art comparatively high 
surface speed and with the load eccentric 

3 J to the axis of rotation to an extent, with 
or without an additional turning moment 
normal to the axis of rotation, such that 
there is a. pressure gradient across the 
opposing- surfaces varying from a very 
10 low pressure approaching aero at one part 
ol the perimeter to a maximum pressure 
at the diametrically opposite part of the 
pierimeter, jand the alignment of the 
opposed surfaces is constrained solely by 
the pressure and thickness of the oil film 
created between them. I/t will be appre- 
ciated that the pressure of the oil film 
will tend to force the opposed surfaces 
apart and, as the intensity of pressure is 

40 at a maximum at a part of the. perimeter, 
it may cause the surfaces to become con- 
cave due to flexure, and this flexure may 
be further accentuated hy the high, tem- 
peratures of the opposing surfaces. If 

4£ the thrust load is small, or if the opposed 
members are very robust ox very rigidly 
supported, this flexure may be negligible. 
On the other hand, if the thrust load is 
heavy or one of the opposed members is 



to Axial Type Reciprocating 
Motors and Engines 

comparatively thin, or inadequately or 5U 
badly supported, the flexure may be such 
as to prevent the creation of an effective 
pressure film of oil between the surfaces 3 
and consequen'tly they will come into con- 
tact. In the latter case, in order to 65 
counteract the effect of flexure, one or 
both of the oppo'Sed surfaces may be made 
slightly concave in -accordance with this 
invention. 'For instance with reference 
to the wobble plate described in the first 60 
embodiment of our co-p ending Applica- 
tion No. 1S0S7 of June 17th, 1946," in 
which the plate is comparatively thin and 
the load is applied, near tlie centre, we 
have found it necessary to make the sur- 65 
face opposed to the swash 1 member 
slightly concave, of the order of one 
thousandth of an inch at the centre of a 
diameter of three inches, in order to 
ensure a high load bearing capacity. In JO 
the said embodiment the load is applied 
near the centre of the wobble plate by the 
ram ends which- make contact with the 
plate at a radius of less than half that of 
the perimeter of the opposed surfaces; 7S 
and the pressure of the oil film between 
the opposed surfaces is thought to be at 
a maximum along a part of the peri- 
meter; consequently there is flexure of 
the plate due to the pressure and tern- 80 
pera.tuTe of the oil film and we make the 
surface concave to allow for this flexure. 

It wall be seen therefore that it is a 
feature of this invention that the opposed 
surfaces are so supported and /or so 85 
shaped and the load is so applied that 
they comprise operatively plane surfaces 
when subject to the pressure and tem- 
perature of the oil film created between 
them at maximum load bearing' 90 
capacity, the object "being to prevent the 
opposed surfaces coming into contact. 

Dated this 1st day of July, 1946. 



COMPLETE SPECIFICATION 

Improvements in and relating to Axial Type Reciprocating 
Pumps, Compressors, Motors and Engines 



Wie, EUECTKATTLIC PRESSES LIMITED, a 

British Company of Electraulic Works, 
95 Rodley, near Leeds, Yorkshire, do hereby 
declare the nature of thi invention and in 
what manner the same is to be performed 
to be particularly described and ascer- 



tained in and by the following state- 
ment : — 

This invention relates rto hydraulic 
multi-ram pumps of the kind having a 
cylinder block in which the pump rams 
and associated cylinder bores are. disposed 



100 
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around a common axis the rams bein«- 
reciprocated either directly or throu«d! 
pusJi rods without the interposition of 
connecting rods by means of a ram actu- 
o ating device comprising, a wobble plate 
whack is usually m the form of f flat" 
plate or disc and is given angular oscil- 
lation in two planes in -relation to the 
axes of the rams, such oscillation beins 
10 produced either by supporting the ram 
actuating member, on a awiasb member or 
crank hereinafter termed a swasli 
member-^the cylinder block in this case 
15 Ir^i ^^Bary—OT ■ by .rotating the 
J-o cylinder block and a ram actuating device 
each about its own axis, the two axes 
intersectino. at an oblique angle. In this 
latter case, eather the cylinder block or 
taie ram actuating device may be directly 
20 coupled to the driving shaft, power bein- 
positively transmitted through ©earing 
either from the cylinder block to the imm 
actuating device or vice versa and in these 
cases the ram actuating- device will be a 
<K> non-oscillating member. The above de*. 
cnption Js to b. e relad as a definition of ■■ 
tke term of the type specified" used 
in the claims at the end of this spe'cifica- 
30 a ii i be ^ndarsrtood tfliat the 
cyaindea- block may be in one piece, or it 
inay comprise a number of cylinder 
Wocks secured together and forming one 
assembly It will be further under- 
stood- that if a pump of this construction 
o* is supplied with pressure liquid and pro- 
vided with suitable valve gear it will 
operate a s a rotary motor, to which this 
invention may be applied with equal 
facility aa d the term " pump " herein- 
40 after used in this apeeiucation is to Mb. 
e mi as ^cludMig a motor 
Ike object of the present invention is 
to minimise or>void skidding or. slipping 
between the ram ends and tie contacteu 
« surface -of the actuating device in a pump 



° -n iS? 1 ** a ' :bove specified . 

broadly the present invention consists 
ot an hydraulic multi-ram pump of th» 
fiO F+1 &p . ecified « ™kie& the contacted ends 
Si** 6 °, r Vvsl. rods are free to turn 

When, twisted, such as by the relative 
7ttl?/ ^ ram actuating device, and 
in which the actuating device is con- 
Sfi S^A £, £OSltlV t ly ^ tke block bT 

5 wfn "* ar ^S*™* a *ooth. ratio such 
atinl 1 . C - aiIBe ^\ P ^ rt of th e ram actu- 
ating device which is contacted by the 

rams to have a predetermined rotational 
displacement in relation to the cylinder - 

60 block and which does not exceed to anv 
substantial extent the secant of the angle 
of the face of the. ram actuating. device 
• o a plane normal to the axes of tS e rams 
. ln .? Preferred embodiment of the 

86 invention the ideal., tooth, ratio is one 



which is equal fb the secant of the anjrle 
of the face of the ram actuating device 
to a plane .normal to the axes of the ram- ' 
but m no instance must the tooth ratio 
exceed a ratio equal to the square of the 70' 
secant of the angle of the face of the rani 
actuating device to a plane normal to the 
axes of the rams. ... 

The parte of the. pump in the preferred 
embodiment where the ideal tooth ratio 75 
is employed .should bearranged to "hat 
the point of interaction of the axis of 
the mm actuaW device and the axis of 
the cylinder block lies in the pitch plan, 
oi a crown wheel on the cyiih.de* block 80 
~ C T B i 1 * r^^e-apex y of the Sh 
i^device^ 61 — a ^ 

• • Tt l. S-^ coanection of the present 
Ration effectively removes the Ss- 85 
_«g .of 'providing fidctionleis S s 
and m consequence we axe enabled R 
plain bearings, capable of n a „„"r xi 
. hag-heat thrust loads hS,; to KeTwith 

• ^ aC * 1C ? 1 ' wM <* aSords ?hf addld 90 

- advantage that thlTsiSe lind cost of t£ 
pumpis considerably, less than would £e 

- o^^- opposed ^ rf aces which are held 
out of metal -to metal nontax - x 

of surface fLexaire in o iT ™ 

opposed surfaces sligh^ concave *£ 
example, one thousandth^ aii1™L 

- iutr'S& b : 105 

■ SSSr*—** ^ ^ thrust 

square rack . -w,uw pounds per 

the.opposin; X£ i^TS2S*&?f 11 
above kind and if the toad is eX^t ^ 

iS be fci b paraUll but 120 

W ^t of .metal to meS contoS° 126 

inv^^^HreSed* 0 

the cylindei • bhx-1 f il constru ction. 

ram actuatlnJ ^memberiaSn^ 1 ? ^ the 
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supported on the other face against the 
axial thrust of the rams "by the inclined 
face of. the sWiash member through an 
inberposed axial thrust bearing as pre- 
I yiously described. . 

In order .that the invention may be 
cleraxly understood and! carried into effect 
three embodiments of the same will now 
be described, by way of example, by aid 

10 of the accompanying: drawings in which : 
Fig. 1 is a sectional elevation through 
the preferred embodiment in which the 
cylinder block is stationary aaid arranged 
with its axis coincident with the axis oi 

16 the drving shaft fox a ram actuating 
device which consists of a " Z " crank or 
swash member on which is mounted a 
wobbler. 

Kg. 2 is a sectional perspective view 
20 of the pump shown in Kg. 1. 

Kg. 3 is a part sectional elevation of a 
portion of the pump shown in Kg. I 
il lustra/ting the swash member, wobbler 
and gear connection and showing to a 
26 greatly exaggerated scale supposedly 
fornned w ed^ge^sbalpe d gaps containing the 
oil films of the two thrust bearings on 
both sides of the swash member, the gap 
between the wobbler and the swash mem- 

30 ber being indicated by the reference 
letter A and the other gap on the oppo- 
site side of the swash member by the 
reference letter B. 

Kg. 4 is a djaigramniatic sectional ele- 
36 vufcion of an embodiment in which both 
the cylinder block and ram actuating 
device revolve and in which the driving 
shaft is coupled directly to the ram actu- 
ating -device, the cylinder block being 

40 driven from the latter through tooth gear 
in the f orm of an inter-meshing crown 
and bevel wheel. 

Kg. 5 is a diagrammatic sectional ele- 
vation of an embodiment which is simi- 

46 lar in every way to Fig. 4 except that the 
driving shaft is coupled directly to the 
cylinder block and the ram actuating 
device is driven from the cylinder block 
by tooth gear in the form of inter-mesh- 

60 iag crown and bevel wheels. 

The axial pump illrustrated in Kgs. > 
and 2 of the drawings comprises a casing 
1 for a mo^or which is connected by a 
flexible «coupling to a diriiving shaift 2 

56 having at its lower end an enlarged boss 
formed with an oblique lower fa.ce 3, the 
whole constituting the swash member 
which is referred to generally by the 
numeral 4. Supported by the oblique 

GO face 3 of the swash member is the wobbler 
5. This wobbler is free to tilt in rela- 
tion to the oblique face of the swash mem- 
ber and is, for preference, made wholly 
of hardened steel, or. in the larger sizes, 

65 the upper and lower faces thereof are 



hardened, and around the peripheral edge 
of the lower face are cut, or there ib 
otherwise provided, a Sjeries of teeth to 
florin a bevel wheel 6 which meshes with 
a crown wheel 7 that is secured to or 7.0 
formed integral with the upper £ace of 
the cylinder block 8. 

The cylinder block 8 in this example 
is stationary and is bored to provide six 
or other required number of cylinders 9. 75 
These cylinders are arranged symmetric- 
ally and ait equal' distances from each 
other around the vertical axis of the 
pump and each is provided with a ground 
and ireely rotatable and reci.procable W 
plunder 10. The inlet land discharge 
openings and valves for each, cylinder are 
in the example illustrated arranged in 
the manner described in our Patent Speci- 
fication No. 48 9 ,,691, tbat is each pump 85 
iraim almost completely; fills its bore or 
cylinder at the end of the discharge 
stroke whilst the inlet valve da is 
arranged at the inner end conaxial with 
its bore or cylinder and the delivery ont- SO 
let 9b in the side wall thereof as- close as 
possible to the lower end of the bore or 
cylinder. The stem of each inlet valve 
is suitably guided and a series of "inlet 
passages' 11 are provided, said passages 95 
communicating with a chamber 12 com- 
mon to all of them which chamber is 
maintained full of oil. 

The pump ram ends which bear against 
the opposing face of the nam actuating 100 
member are convex and spherically or 
conically shaped with the centre of cur- 
vature or centre of thrust at all times - 
within the cylinder bores ao as to ensure 
the minimum offset loading between the 105 
pump rams- and their .bores throughout 
the delivery or discharge strokes. 

To maintain an inlet pressure witliin 
the chamber 12 sufficient to hold the 
pump rams in contact with the wobbler 110 
on their outward stroke there is provided 
a geacr pump 13 serving as a booster 
pump and this pump is driven from the 
main driving sha£t 2 by means of an axial 
secondary sha.ft 14, tQie iconnectioti- 115 
between said secondary shaft; and the 
main shaft 15 of the gear pump consist- 
ing of a flexible coupling 15a,. both said 
shafts having freedom for axial move- 
ment. 120 

^ Alternatively j instead of or in ■addi- 
tion to employing a flexible coupling 
which permits the swash member to be 
free to tilt, the booster pump driving 
shaft may be made flexible. 125 

In. the exa-mple illustrated the rear 
£a.r,e of the wobbler bears directly against 
the obliq;ue f ( ace of the swash member and 
the rear face of the siwiash member bears 
directly against the surface of a hardened 131) 
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steel thrust ring 16 which, in turn seats 

Sf^fcSl T*?**. of the outer ring 
mi U or ro ' Mftr beaming journal 17 
ft i„i ■ USe ? f ,% B ^ a « U WJ or roller bear- 
^aijSStf o 17 ' "^mediate the length 
od the shaft 2, m conjunction with a fles- 

shlfi f^f lmg iif upper end of said 

shaft on a sufficiently flexible shaft per- 

in f^S. ^ a lM, me ^ ber 4 *° W United 
10 fneedwn to tilt sufficient to permit the 

load sa^fJ 6 *^ *° tat - tie offset 

load- bo that the opposing surfaces are 

j a ZZS ° ut °i actual metal to metal 

lb contact by a wedge-shaped film of oil 

uj^lrt COD£ * ru ^u the swash mem- 
ber may be made of gun metal or it mTy 

on ™* ^fernatively the surface of the 
20 swash member may be hardened steel and 
the rear face of the wobbler may be faced 
with l white metal and the surf ace of the 
*Wt rang .also faced' with white metal 

th/Zf* ZZ W ? be ,T able *» ^certain 
25 tif soft surface should be the surface in 
relation to which the load is staWary^ 

™mt ^ *? Um J> ^h a stationary 
pump^body the sott surface should rotate 
«n +1 th * tJmi8 ' t bearing between 

30 the awash member and the woSbler^y 
mZtL 0 ^ ^te metal faced 

ven£ StT a&k r is ™ ed to pr^ 

jent the same from rotating in relation 
to the swash memb er 

36 thf^^n/l, 8 ™ 9 ^ 19 ■*» ^OTided in 
h >/i ?0 f *"* swash member and radial 
thLfJ - P rOTid «i : m the wobbler and 

SfV rorT^ f «">™**i so as tc be 
iree to rock m relation to the obliaue 

« fhS^ 8 ' f a ° e °L tE - e swasl1 member and 
15 the other space 22 being between the 
thrust rang and the driving St 2 1 

Tth!?T 5UPI>1 J ° f , oil iB ^vaSablt 

which t f r ¥, th * s™° ves 

« n J!- 2 f SfUPefled by centrifugal 
60 actaon due to the rotation of the^ffi 

roEi - 6 thrust mng 16 and ball or 
«f» j * a * 17 ajld an? escess oil i s ner 
mitted to escape through fbTtoit P 
66 trolled outlet 24 ^ k6 Valve ccm - 
I* will be appreciated that the pressure 
of the oil flk win tend to to£f1he 



members are verv robin* „^ ■ • 

we Heave found it necessary to make flS 

M» ft. e^fe. ol ICVSLS b^'ff 
ram an* „h„,i, unlsuit with S! on 

eT b Sr^f ^1 ^tfif 90 

tempe^re oT and^ mate 

The annular thrust washen- 1 fi -rv,,,^ l. 10 ° 
supported on an ^^3.2 

o^ter^^^^ * W and. 

It will be seen t3i.erefior^ f>.a-f- 
sTXld^anT^ T!? Wtefald or 105 
when Sfe^ A W 15 so a, RP ]ie <i that 
aW of ttSf temper- 

at maximum Wbearin^ctpS, 1 fc HO 

from this inrention All ^ art i^ 
invention is anSi.jl ^ wheix the 

because the fluid mLn£ ^ re< J i ! llr ^ 

Sir -asRitfirsa: 

the « ls rf a , iri^VJK S .30 
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an angle to the common axis of the cylin- 
der block and the £ace of the ram actu- 
ating device is transverse to the axis of 
the driving" shaft. 

» Examples of both such .embodiments 
are shown in the accompanying drawing's 
and wall now be described. 

In Fig. 4 there is illustrated the 
embodiment in which the driving shaf t 

10 drives the actuating device directly the 
axis of the driving shaft being at an 
angle to the common axis of the cylinder 
block. Also both the cylinder block 8 
and the ram actuating device revolve, the 

15 driving connection, between the two con- 
sisting of toothed gearing as in Fig. 1 in 
the iorm of intermeshing bevel wheels 6 
and 7 so that the cylinder block is dxiven 
directly through the gearing. In this 

2U example, as in the example illustrated in 
JFigs. 1 and 2, 1lhe actuating device is sup- 
ported against thrust by a thrust -washer 
or reaction plate 16 and the said actuat- 
ing device is also mounted so as to be 

25 free to tilt in relation to the thrust 
washer. 

-In the present embodiment rams 10 are 
employed similarly to the embodiment 
shown in Figs. 1 and 2, and the convex 

30 ends of these rams make direct contact 
with the exposing face of the actuating 
device, which in this example is trans- 
verse to the axis of its rotation. As there 
is relative rotational displacement 

35 between the actuating device and the 
cylinder block so the ratio .between the 
number of teeth in the two members of 
the giear connection is equal to or sub- 
stantially equal to the secant of the angle 

40 of the face of the actuating device to a 
plane normal to the axes of the ram® and 
such that the rotational displacement of 
the ram actuating device is in the same 
direction as the rotation of the cylinder 

4ft block but slightly faster. 

Th*e embodiment illustrated in Fig. 5 
shows the application of the invention 
to a design in which both the actuating 
device and the cylinder block revolve, the 

60 cylinder block being positively or directly 
driven through the integral or attached 
shaft 2 and the actuating device being 
driven by the cylinder block through the 
interniesliing gear wheels 6 and 7. The 

&§ ratio between the number of teeth in the 
two gear wheels is the same as in the 
exiamjpie shown in Fig. 4 whereby. theTe 
is rotational displacement of the actuat- 
ing device in. relation to the cylinder 

60 block so tffat it rotates in the same 
direction as the cylinder block but at a 
f taster rate for the purpose of ensuring 
substantially a pure rolling contact 
between the ram ends and the face of the 

65 ram actuating device. The thrusit bear- 



ing for the actuating device 0 is as in 
the example shown in Figs. 1, 2 -and 3 in 
that it comprises a thrust ring 16. 

In this arrangement the longitudinal 
axis o,t the cylinder block is coincidental 70 
with the longitudinal axis of the pump 
whilst the actuating device is disposed 
so tnat tlie axis about which it rotates is 
inclined in relation to the longitudinal 
axis of the cylinder block. 75 

In both examples according to Figs. 4 
and 5 the point of intersection o± the 
axes is in the same plane as the face of 
the actuating device. 

As will be seen upon refersring to the 80 
centre lines included in Figs. 4 and 5 the 
point of intersection ol the longitudinal 
taxis of the ram actuating* device and the 
longitudinal axis of tlie cylinder block lies 
in the pitch plane of the crown wheel on 16 
the cylinder block and coincides with the 
a<pex of the pitch cone of the bevel wheel 
of the ram actuating device. The same 
arrangement existts in the other examples 
shown and is an essential if the aforesaid 90 
rolling coinitact is to be obtained. 

For the sake of succinctness the term 
" liquid " has been used throughout this 
Specification but as the invention is also 
applicable to compressors this term is 95 
also to be read as including gas wherever 
necessary. 

Having now .particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 100 
be periorined, wie declare that what we 
claim is : — 

1. An hydraulic multi-tram pump of 
the type specified and in which the con- 
tacted ends of the rams or push rods are J 05 
firee to turn when twisted, such as by the 
relative motion of the ram actuating 
device, wherein the actuating device is 
connected [positively ifco the cylinder 
Uock by toothed gearing having a tooth \\[) 
ratio such as will cause the part of the 
ram actuating device which is contacted 

by the rams- to have a predetermined rota- 
tional displacement in relation to -the 
cylinder block and which does not exceed ] 15 
tlie square of the secant of the angle of 
the fiace of the ram actuating device to 
a plane normal to the axes of the rams. 

2. An. hydraulic multi-ram purn^p of 
the tyjpe sjpecined which comprises the 120 
following features to ensure substantially 
pure rolling contact between the ram 
ends and the contacted surface of the ram 
actuating device: — 

(a) toothed gearing serving* operatively 120 
to connect the actuating device to the 
cylinder block, consisting of a crown 
wheel on the cylinder block and a bevel 
wheel on the actuating device, the ratio 
of teeth in said* gear connection being- 13Q 
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equal to tine secant of the angle of the 
rani actuating device to a phune normal 
to the axes of the rams so that the part 
ot the ram actuating device which is con- 
0 tacted by the rams is given a predeter- 
mined rotational displacement, in rela- 
' r 0 ^] 0 '^ 8 ej^M'-Woot (b) the con- 
tacted ends of the rams are free to turn 
in J™ Q5i ? d >y motion of the ram 
10 actuating- device and (e) the parts are 
arranged. ao that the point' of intersection 
ot tlie axis of the ram actuating device 
and the axis of -the cylinder block lies in 
tuepitcn plan© of the crown wheel on the 
10 cylinder block and . coincides with -the 
apex of the patch cone of the bevel wheel 
ot tne raan actuating- device. 

3. An axial tyjpe reciprocating pump 
according to any of the preceding claims 
M comprising a cylinder block. forced with 
a number of cylinder bores arranged 
around a central axis eateh bone having a 
valve controlled inlat and outlet for the 
25 q TZ v " Piunped, a. ram neciprocable 
*° and freely rotataible in each bore, a ram 
actuating device comprising two rela- 
tively -EoUatable parts, one of siaid parts 
being a power driven swash member hav- 
- iag am inclined face audi the other part 
being a wobbler which is contacted by the 
outer «tads of the rams said wobbler beina- 
supporped against axial thrust imposed by 
the rains -during each delivery stroke bv 
the inclined face of tire swash member 
<J5 and toothed gearing having one- part 
carried by the wobbler and the other part 
by tne cylinder block, the number of 
teeth: m . one gear part being different 
from the number of teeth in the other 
±0 gear port to. cause the wobbler to be 
rotated positive!* relatively to the awash 
member but in the opposite direction. 

4. An axial type reciprocating- pumt> 
according to Olaim 1 wherein both the 
45 cylinder block and the nam act^' 
device are revolved, and either the cyiiu" 
der Mock ls power driven and the actuat- 
ing device carraed around with it by the • 

50 d S ' 6M coa 5«*«* «r the actuating 

50 device is power driven and the cylinder 
block carried around with it by the 
toothed «eiar connection, said toothed 
gear connection being such afe to cause 
the actuating device to have a rotational 
55 displacement m relation to the cylinder 
black 60 th^t it rotates in the 
direction as the cylinder block but at a 
taster rate. 

rat r^ 33 ?*' 1 W e ^Pracating pump 

60 uit Claim 4 and in which the rmaota- 
ating device is power driven wherein the 
face of the nam aerating device is trans- 
r e i IV of ite station and the 
cylinder block is arra.ng.ed with. its axis 
55 inclined in relafeon. to the axis of the 



atetuating device ibh e point of intersec ' 
« +iw * b6m o- in the same plane 

« f** oi tke ^tuating device 
Q . i„ rv- *5fl» reciprocating pump 

as in Claim 4 and in which the cylinder 70 
block is.power driven wherein the W 
tndinal axis of the cylinder block L 
coincidental with'. th«. longitudinal axis 
of the pump and the actuating device is 
daspo^d so that the axis about which it 75 
rototea is inclined: iox relation to the longi- 
•tudinal axis ^f jhe cylinder block, the 
ThZt, 0 * of said axes beinc-to 

fe.^ aS tb * W <* & ^at- m 

according to any of 'the preceding E 
a -ra-m actuating m^anc °7 • claims 
drivino- O.hf* v,* means comprising a 

y Goaafatmte a swash nuemW a ^ +h» 

^uit ee th a s^° c 4 rai s » « 90 

toSawi ^" 11 ^ 11 so as to be 
contacted by the near face of the swash 
member .to provide a bearing co^Zsed 
of two opposed surfaces object to^ela 
twe rotation which acts to sud W +1 1 9fi 
same, against the ,-reaSL of ^Sh rat 
an annular .surface for supporting the 
thwist ring against the said load 

ffl^& '^^'J? 1 ™*^ *» have a 100 
Snuf a > f^^T- 1 * tol *> '^on. to the 
annular thrust ring. aaiH' means for main 
taming an inte^ed film o 

vidang holes serving to connect the Laces 

8- 4n axial type reciprociSnrp umD 
aoconding to Ca-aim 7 having TwobS 
which is mounted so as to be freJKu 
m relation to the sw B sh- member & to 125 
as in ^i^T T> ^iproc^ting pnmp 
i I wherein one of flie sur- 
toces m each beaming i 3 formed nf, TSl 
bn* 'metal such' VSletol and 
saad groove aire toianed in said surfale 180 : 
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10. An axial type reciprocating pump 
according to Claim 9 wherein tlie mem- 
ber having a soft metal bearing ©urface 
is rotatibnally stationary relative to- the 

6 axial ram load. 

11. An axial type reciprocating pump 
Laving a bearing according to amy of 
Gladms 7 to 10 wherein said bearing 
include^ a washer wTiieh is faced on one 

10 side with a relatively soft beiaring metal 
in which aire cut the radial oil grooves 
specified in Claim 9. said washer being 
held to prevent the same from -rotating 
in relation to the swash member. 

14 12. An axial type ree-ipro eating pump 
according to any of the preceding claim* 
wherein the mam actaiating device is 
enclosed, in a casing which is maintained 
full of oil. 

20 13. Aai axial tyipe reciprocatting pump 
as in GLadm 12 in which a relief valve 
is provided to permit exjoass oil to eacape. 

14. A pump according- to amy of the 
preceding claimis which is combined with 

2b a booster pumjp arranged so as to suipply 
oil to. the inlet manifold- of the high pres- 
sure or main pump at a pressure sufficient 
to maintain the nanus of said main pump 
in contact with the ram actuating device 

30 during their outward or suction stroke . 

15. A reciprocating ram pump accord- 
ing to Claim 1, 2, or 3, having a thrust 
bearing which is subjected to an offset 
load and which consists of opposed plane 

35 and relatively rotatable surfaces which 
are held out of metal to metal contact by 
an interposed film of oil, a driving shaft 
rigidly associated with one of said sur- 
faces for rotating said surface relatively 

40 to the other opposed surface, and means 
for supporting said driving shaft against 
transverse load consisting of a single 
journal bearing so disposed on the shaft 
in relation to the associated surface of 

4fr the thrust bearing as to permit both the 
shaft and said surface to tilt in relation to 
the other opposed surface of the thrust 
bearing. 

16. A reciprocating ram pump a ccord- 
60 ing to any of the preceding Claims 1 to 14 

comprising in combination a multiplicity 
of rams or plungers disposed around a 
common axis, ram actuating means com- 



prising a swash member, a thrust ring f ot 
supporting said s was h member, and a driy- 56 
ing shaft for said swash member, said 
driving shaft being supported in such 
manner as to permit the swash member 
to tilt in relation to the supporting 
thrust ring. J 60 

17. A reciprocating r am pump accord- 
ing to Claim 15 or 16 which is combined 
with a booster pump wherein said booster 
pump is driven through an extension of 
the main driving shaft said extension 66 
being made flexible so as to be capable of 
yielding to permit the main driving shaft 
and the swash member to tilt in relation 

to the other opposed surface of the thrust 
bearing. 70 

18. A reciprocating ram pump accord- 
ing to any of the preceding claims 
wherein the inlet valves are of the mush- 
room type and arranged to oppose and 
almost be contacted by the inner ends of 7.5 
the rams at the completion of their dis- 
charge strokes. 

19. A pump according to Claim 7 
wherein the effect of surface flexure is 
minimised by supporting the thrust bear- 80 
ing* on an annular surface having a dia- 
meter intermediate the inner and outer 
diameters of an annular thrust washer. 

20. A pump according to Claim 7 
wherein the effect of surface flexure is 85 
minimised by suitably dishing one or 
both of the opposed surfaces substantially 

as and for the purpose herein described/ 

21 . An axial type reciprocating pump 

as in Claim 3, and with or without a 00 
booster pump, substantially according to 
the example shown in Figs. 1, 2 and 3 
of the accompanying drawings. 

22. An axial type reciprocating pump 

as in Claim 5, substantially according to 95 
the example shown in Pig. 4 of the 
accompanying drawings. 

23. Aji axial type reciprocating pump 
as in Claim 6, substantially according to 
the example shown in Fig. 5 of the 100 
'accompanying drawings. 

Dated this 21st day of March, 1947. 
C. LOCKETT HUGHES, 
Chartered Patent Agent, 
"46, Bedford Bow, London, W.C.I, 
For the Applicants. 
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